We present an approximate analytical solution for the effects of topography on near-surface gravity-induced stresses in symmetric anisotropic ridges and valleys. The solution can be used for laterally constrained ridges and valleys consisting of isotropic, transversely isotropic, or orthotropic rock with horizontal or vertical layers. A parametric study on the effect of anisotropy type and degree of rock anisotropy on gravity-induced stresses is presented. The magnitude of the predicted stresses is of the order of the characteristic stress pgH, where H is the height of the ridge or depth of the valley. The approximate solution is limited to ridges and valleys with small slopes not exceeding 10%.
with components cij (i, j = 1 -• 6). Equation (1) is also known as the generalized Hooke's law, and matrix (C) has 21 distinct components if a strain energy function is assumed to exist in the medium. This type of anisotropy is called general anisotropy [Lekhnitskii, 1977] .
In most practical cases, anisotropic rocks can be modeled as orthotropic or transversely isotropic materials in a coordinate system attached to their apparent structure or direction of symmetry. Orthotropy implies that three orthogonal planes of elastic symmetry exist at each point in the rock and that these planes have the same orientation throughout the rock. (A plane of elastic symmetry exists at a point if the compliances of the anisotropic medium have the same values for every pair of coordinate systems that are the reflected images of one another with respect to the plane.) Transverse isotropy implies that at each point in the rock, there is an axis of symmetry of rotation and the rock has isotropic properties in a plane normal to this axis. This plane is called the plane of transverse isotropy [Lekhnitskii, 1977] .
For a material that is orthotropic in an x', y', z' coordinate system, i.e., with planes of symmetry normal to the coordinate axes, equation (1) Of the 12 elastic constants entering into equation (2), only nine are independent, owing to the following symmetw conditions [Lekhnitskii, 1977] 
E1 -E2 E1 -E 3 E2 -E3. (3)
The orthotropic formulation can be used to characterize the deformability of rocks such as coal, schist, slate, gneiss, granite, and sandstone. For instance, the cleat and bedding planes of coal are often assumed to be planes of symmetry. Typical values of the nine elastic constants El, E2, E3, 1,21, 1,31, 1,32, G12, G13, and G23 for those different rock types are given by Gerrard [1975] and Amadei et al. [1987] .
For a material that is transversely isotropic, only five independent elastic constants are needed to describe its deformational response. In this paper these constants will be called E, E', 1,, v', and G' and are defined as follows:
1. Constants E, E' are Young's moduli in the plane of transverse isotropy and in a direction normal to it, respectively.
2. Constants 1,, 1,' are Poisson's ratios characterizing the lateral strain response in the plane of transverse isotropy to a stress acting parallel or normal to it, respectively. 3. Constant G' is the shear modulus in planes normal to the plane of transverse isotropy. Equation (2) also applies to a material that is transversely isotropic in one of the three coordinate planes of the x', y', z' coordinate system. The elastic parameters entering into this equation can be expressed in terms of the five constants defined above. For example, if there is a plane of transverse isotropy parallel to the y'z' coordinate plane, we have 
The transverse isotropy formulation can be used to characterize the deformability of rocks such as schist, slate, gneiss, phyllite, siltstone, mudstone, sandstone, shale, and basalt. For such rocks the plane of transverse isotropy is assumed to be parallel to foliation, schistosity, or bedding planes. Elastic constants for rocks modeled as transversely isotropic materials are given by Gerrard [1975] and Amadei et al. [1987] .
If the rock is isotropic, only two elastic constants are needed to describe its deformability: E = E', v = v', and G = G' = E/[2(1 + 1,)].
Except for isotropic symmetry, the constitutive equation for an anisotropic medium depends on the choice of coordinate system. In the x', y', z' coordinate system, the constitutive equation is defined in equation (1). In another x, y, z coordinate system, the constitutive equation can be expressed as ( • )xy• = (A)( rr)xy z, where (e)xy z and (O')xy z are the (6 x 1) matrix representations of the strain and stress tensors in the x, y, z coordinate system. As was shown by Lekhnitskii [1977] , the components aij = aji(i, j = 1, 6) of the compliance matrix (A) depend on the components cij(i, j = 1, 6) of matrix (C) in equation (1) and the orientation of the x', y', z' axes with respect to the x, y, z coordinate system.
The relationships between the elastic compliances a ij and the elastic compliances c ij [Lekhnitskii, 1977] •'y E r xy 057 (20) (at :9 = eh). Substituting equation (13) Figure 3 shows the topography of a ridge predicted by equation (29) for a -1/3, 2/3, 1, 2 and e -0.1 which corresponds to slopes at the ridge inflection points of 19.5%, 9.75%, 6.5%, and 3.25%, respectively. Also shown in Figure  3 is the topography of a ridge predicted by equations (30) and (31) with a' -3.333, 6.666, 10, and 20, respectively. These values of a' were selected to make the surface topography predicted by equation (29) similar to that predicted by equations (30) and (31).
The accuracy of the approximate solution for stresses at a point in the isotropic ridge can be defined as follows: Of course, comparison between the exact and approximate solutions is possible only in the isotropic case. A large anisotropy may invalidate the conclusion that the approximate solution is limited to ridges and valleys with small slopes not exceeding 10%.
ILLUSTRATIVE EXAMPLES
We present two examples to investigate the distribution of gravitational stresses in anisotropic ridges and valleys: (1) ridges with 6.5% slope at the inflection points of the ridge (a = 1 and e = 0.1) and (2) valleys with 6.5% and 9.75% (a = 2/3 and e = 0.1) slopes at the inflection points of the valley. The ridges and valleys are considered to consist of different isotropic, transversely isotropic, and orthotropic rocks. The effect of the rock's elastic properties and the orientation of the elastic anisotropy on the gravitational stresses is presented.
The gravitational stresses in anisotropic ridges and valleys are approximated by equation (27) For the gravitational stresses in anisotropic valleys with 6.5% and 9.75% slopes, tensile regions of 6-x develop under the valleys. The extent of the tensile regions is influenced by the degree of anisotropy. For example, in the case of horizontal anisotropy, their extent decreases as the ratio E/E' increases, but the extent of the tensile regions is little influenced by a change in the ratio G/G'. Note also that gravitational stresses are influenced by changes in the valley slope. The tensile regions increase as the valley broadens.
It is important to note the limitations of the approximate solution presented here. This approximate solution, like solutions presented previously for isotropic ridges and valleys, is limited to small slopes not exceeding 10%. For steeper slopes in anisotropic rock masses, numerical methods are required.
Another limitation is that this solution applies, of course, only to symmetric ridges and valleys. Other topographic profiles will require the development of stress functions appropriate for those profiles. 
